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Biological disturbances on marine soft sediment ecosystems have been well researched. However, 
little attention has been paid to the potential ecological role that iconic shore bird predators may 
have on marine ecosystems. This paper tests the effects of spatial gradients on Greater Flamingo 
(Phoenicopterus ruber) predation impacts on the benthic macrofaunal community structure in an 
intertidal sandflat ecosystem in South Africa. P. ruber is a benthic filter-feeder known to feed on 
benthic dwelling invertebrates through pit formation, where deep sediments are stirred up by 
trampling their feet. Macrofaunal community structure between flamingo pit foraging structures 
and adjacent non-foraged sediments (controls) yielded insignificant spatial differences. However, 
subtle positive and negative effects of flamingo predation on macrofaunal abundance were noted 
at specific sites. Flamingos in this study were not targeting a specific prey group. Thus of the 19 
macrofaunal prey items identified, none were significantly impacted across treatments, except for 
an unidentified polychaete. However, this was once again site specific. The results suggested this 
polychaete is generally abundant within the area sampled. Furthermore, its distribution is perhaps 
affected by the level of intensity employed in pit-foraging, rather than being preyed upon. Greater 
polychaete abundance in pits relative to controls may be attributed to vigorous flamingo feeding 
efforts. Pit foraging appears to be an expensive strategy to employ, but the energy investment may 
be reduced through the use of sophisticated sensory organs to detect accessible prey deep within 
the sediment. Overall, the study has shown that the impact of flamingo predation on a spatial 
gradient is small and site specific. However, the study highlights the need for further research on 
quantifying the ecological role flamingos play as predators on marine ecosystems. 
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Disturbances are regarded as events that change population biomass through mortality, removal of 
species, community structure change (Dodson et al. 1998) and alteration of resource availability 
within an environment (Probert 1984). Marine soft-bottom communities are affected by a variety 
of disturbances (Probert 1984) which in turn play an important role in determining community 
structure (Thrush et al. 1991). Physical factors in the form of storms, tidally induced waves as well 
as hypoxia generate large scale (km2) natural disturbances, whereas small scale (cm2-m2) 
disturbances are created biologically from the activities of marine soft-sediment community 
residents. Epi- and infauna species such as holothurians and enteropneusts create disturbed patches 
through sediment processing and thalassinideans excavate burrows. These are common forms of 
infaunal disturbances (Probert 1984).  
Marine-soft sediments are the most common habitat on earth, yet the relative importance of 
biological forces that structure marine-soft sediment communities are poorly understood (Wilson 
1991). Rocky marine shore communities are immensely influenced by competition, where species 
compete for space. Competition has also been cited as important in marine soft-bottom 
communities, however, it does not account for community structure adequately in most cases.  
Predation as a form of biological disturbance has been considered to be a more important process 
affecting community structure in soft-sediments (Glassom & Branch 1997).  
Three categories of predators are recognized in soft-sediment habitats: epi-benthic predators, 
infaunal predators and sub-lethal browsers. Each predator category has a different influence on the 
macrobenthic community in terms of net effects on community structure. Epibenthic predators are 
highly mobile and selective feeders that probe and extract prey from the sediment (Thrush 1999). 
Small predators such as crabs and rays are well known for excavating pits in the sediment in search 
3 
 
of prey. They not only generate a biological disturbance by removing prey, but also create a 
physical disruption of natural layering of sediments, resulting in altered topography and local 
hydrodynamics (Thrush 1999). Such effects can remove residents, alter re-colonization patterns 
and processes and elevate exposure of prey to secondary predators (Thrush et al. 1991). Gray 
whales on the other hand, are amongst the largest disturbance generators, where they have been 
reported to produce disturbance patches of 6m2 in a 27km littoral sandflat (Weitkamp et al. 1992). 
Several bird species have also been known to impact prey populations, especially when they occur 
in large numbers (Glassom & Branch 1997). The combination of these disturbances, created from 
residents and epibenthic predators at various frequencies and intensities, allow for a mosaic of 
macrobenthic community patches to form at different stages of succession within the soft-sediment 
environment (Johnson 1970). These are the crucial localized disturbances that generate and 
enhance spatio-temporal heterogeneity in marine soft-sediment ecosystems (Probert 1984).  
Studies have shown that shore bird predation can reduce prey densities on a large scale, and that 
they could substantially reduce the abundance of invertebrate infauna in muddy substrates 
(Quammen 1981). Flamingos are colonial birds and occur at high densities at various marine soft-
sediment habitats (Rodríguez-Pérez et al. 2007). Along with their large size and feeding habits, 
the presence of flamingos may have important ecological effects in marine ecosystems. The 
Greater Flamingo (Phoenicopterus ruber) occupies coastal and estuarine zones and they are filter 
feeders, feeding off small invertebrates through their different foraging styles (Rodríguez-Pérez et 
al. 2007). Such techniques include sweeping their bill as they walk along the sediment (to create 
channels in sediment) or they stamp with their feet, lifting one leg and alternating with the other 
in rapid succession. While stamping and sinking into the muddy substrate, flamingos create a circle 
with the use of their bill. These saucer-like depressions are pits created in the sediment (Johnson 
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& Cezilly 2007). Trampling can produce ring depressions in the sediment up to 1m in diameter. 
When flamingos occur in large numbers, a vast area of sediment topography can be altered. This 
has been shown in Namibia, where the sediment properties were changed and benthic invertebrate 
populations decreased in Walvis Bay and Sandwich Harbour (Glassom & Branch 1997).  
Flamingos are iconic birds, however up till now, only descriptive and observational studies have 
been conducted on these shorebirds. The predatory role of flamingos in an ecological system has 
rarely been quantified (Bildstein et al. 2000). There is a need to understand their role as a predator 
and their link to the environment, in order to enhance our understanding of disturbances in the 
form of predation that play a pivotal role in community organization, as no studies have been 
conducted in South Africa. 
In this paper, (1) the predation impacts of the P. ruber on the benthic macrofauna community 
structure in the Heuningnes Estuary, situated in the De Mond Nature Reserve, will be examined; 
as well as (2) how these impacts are influenced spatially along the length of the system. Core 
samples of macrofaunal responses will be taken from flamingo foraged and non-foraged sediment. 
Studies have shown that in winter, during the non-breeding season, flamingos migrate to many 
staging posts under a South African network of wetlands. These staging posts are regarded as 
important feeding sites for migratory shorebirds (McCulloch et al. 2003). For this reason, winter 
sampling was conducted.  
It was hypothesized that (1) consumption by P. ruber will exert a net negative effect on prey 





MATERIALS AND METHODS 
Study area 
The Heuningnes Estuary is Africa’s southernmost estuary (Fig 1A) and is situated at 34°43’’S and 
20° 00’’E and occupies an area of 918ha (Barnes et al. 1998). This marine ecosystem extends for 
12km across the flat coastal plain area of the Zoentendals Farm. However, only the lower 2km 
stretch showcases true estuarine properties (Bickerton 1984), where there is much tidal activity 
resulting in marine salinities. The estuary mouth is an extensive bay consisting of sand, mudflats 
and tidal saltmarsh (Barnes et al. 1998) with a mean sea level of 1.13m. The estuary connects to 
the Indian Ocean through a double dune ridge at the De Mond Forestry Station. The estuary is 
characterized by having a Mediterranean climate, with winter rainfall and hot dry summers 











Fig 1A: Map of the Heuningnes Estuary depicting geographical position in the Western Cape 
(WC) of South Africa. Yellow triangular beacon indicating approximate area where P. ruber were 
predominately feeding (adapted from Kallen et al. 2012). 
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In order to quantify the impact of Greater Flamingo predation on the macrobenthic community 
along the spatial gradient, macrofauna were sampled in foraging pits and compared with adjacent 
non-foraged sediments (referred to as controls hereafter). A stretch of intertidal sandflat (Fig 1A), 
at the lower reaches of the estuary, was observed to be frequently used as a foraging ground by 
flamingos. This sandflat was divided into four equidistant sites. At each site, one transect from the 
high to the mid shore was marked. Along which two equidistant quadrats (5m x 5m) were sampled 
(Fig 1B). Due to time and labour constraints, additional transects per site could not be sampled. 
Samples were collected during spring low tide on the eastern bank of the estuary. Human presence 
in the system is low due to restrictions imposed by management authorities. The estuary is 











Figure 1B: Sampling design used to sample macrofauna from the high to the mid shore-line within 
designated area of Heuningnes Estuary. 
 






























A total of 48 macrofauna samples were collected, which comprised of three pit samples and three 
samples for the corresponding feeding structure controls at each of the two quadrats per site. 
Control samples were collected within 1m from the pits (to reduce variability) where there was no 
evidence of flamingo foraging. For each pit sample as well as the controls, three cylindrical 
sediment cores (depth =15cm, diameter =10cm) were collected and pooled into a bucket. 
Thereafter, the sediment cores were sieved in a 500μm mesh five times, followed by a 2500μm 
mesh. All retained material were placed in plastic jars and preserved in 70% ethanol and Rose 
Bhengal. In the laboratory, macrofauna were sorted, counted and identified. 
Statistical Analyses 
Multivariate analyses were performed on unstandardized and transformed (fourth-root) abundance 
data using PRIMER v.6.1.5 (Plymouth Routines in Multivariate Ecological Research; Clarke & 
Gorley 2006). Non-metric multidimensional scaling (MDS) ordinations, based on resemblance 
matrices generated from Bray-Curtis similarities, were used to visually assess macrofaunal 
community structure between pits and their respective controls as well as spatial differences 
between sites. An Analysis of Similarity (ANOSIM) was performed to test the effects of (1) 
flamingo predation, (2) site and (3) the interaction of these two factors on macrofaunal community 
structure. The DIVERSE function was utilized in order to calculate macrofaunal abundance (N), 
species richness (total number of S), Pielou’s evenness index (j) as well as Shannon-Wiener 
diversity index (H).  
SPSS (Statistical Package for Social Sciences) v.22 was utilized for univariate tests. Kolmogorov-
Smirnov tests were used to test for normality and homogeneity of variance in data. Data were 
square-root transformed if they did not meet the required assumptions for parametric testing. Two-
factor Analysis of Variance (ANOVA) were conducted to assess whether macrofaunal community 
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indices differed between pits and controls as well as spatially between sites. The latter tests were 
also used to test for treatment and spatial differences on the most numerically dominant species. 
 
RESULTS 
MDS visually confirmed the lack of differences in community structure between foraged and non-
foraged sediment as well as between sites (Fig 2). ANOSIM revealed similar results, indicating 
there was no difference in community structure between pits and controls (R = -0.004, p = 0.434) 
nor between sites (R=0.018, p = 0.189). The interaction between treatment and site nearly 
accounted for a significant difference in community structure (R = 0.057, p = 0.056). Macrofaunal 
abundance did not statistically differ between foraging structures and controls (ANOVA F1, 40 = 
0.624, p = 0.434; Fig 3A) as well spatially across sites (F3, 40 = 1.02, p = 0.396). However, there 
was a significant interaction between treatment and site that accounted for variability in 
macrofaunal abundance (F3, 40 = 3.12, p = 0.036). Sites A and B showed a greater macrofaunal 
abundance in foraged sediment compared to non-foraged sediment. In sites C and D, the opposite 
effect was noted, as there was a decline in macrofaunal abundance in pits compared to controls. 
Species richness of macrofauna (Fig 3B) did not differ statistically between foraging structures 
and controls (F1, 40 = 0.438, p = 0.512), nor between sites (F3, 40 = 0.510, p = 0.678) and there was 
no significant interaction between treatment and site (F3, 40 = 0.820, p = 0.491). Pielou’s eveness 
index was only significantly influenced by the interaction between treatment and site (F3, 40 = 4.89, 
p = 0.005; Fig 3C). The same result was recorded for macrofaunal species diversity (F3, 40 = 3.32, 
p = 0.029; Fig 3D). Both community measures revealed small differences in sites A and C. 





























Figure 2: MDS ordination showing differences in macrofaunal community structure between (A) 





















Figure 3: Differences in macrofaunal (A) abundance, (B) richness, (C) eveness index and (D) 
diversity between flamingo foraging structure (Black) and controls (Grey) at different sites. Means 






























































































































Five dominant macrofaunal species were present in flamingo pits and controls at each site (Fig 4). 
Juvenile polychaete A (ANOVA F1, 40 = 0.044, p = 0.834) along with the crab Paratylodiplax 
blephariskios (F1, 40 = 0.044, p = 0.834) and Calanoid copepods (F1, 40 = 0.002, p = 0.963) did not 
differ statistically between pits and controls. There was also no statistical difference between sites 
for juvenile polychaete A (F3, 40 = 0.326, p = 0.807), P. blephariskios (F3, 40 = 1.106, p = 0.358) 
nor for Calanoid copepods (F3, 40 = 1.426, p = 0.249). Interestingly, the species showed very 
different response patterns between foraged and non-foraged sediment. Juvenile polychaete B 
showed no significant difference in abundance between foraging structures and controls (F1, 40 = 
0.828, p = 0.368) nor between sites (F3, 40 = 0.742, p = 0.534). However, there was a significant 
interaction between treatment and site (F3, 40 = 3.82, p = 0.017) for the abundance of polychaete B. 
The abundance of polychaete B increased in foraged sediment in sites A and B. In contrast, its 
abundance was decreased in foraged sediment in sites C and D. Tupilid fly larvae did not 
statistically differ between pits and controls (F1, 40 = 0.012, p = 0.914), but did significantly differ 
spatially between sites (F3, 40 = 3.671, p = 0.020). In sites A and B, across the treatments, there was 
























Figure 4: Variation in abundance of macrofaunal species between flamingo foraging structures 




































































The aims of this study were to (1) quantify the difference in macrofaunal community structure 
between flamingo foraged sediment and non-foraged sediment and (2) how these quantified 
impacts were influenced spatially. However, the central purpose of this study was to gain a better 
understanding on the ecological role that flamingos play as predators, and the potential effects 
these biological disturbance agents have on the marine-soft sediment ecosystem, as limited studies 
have been conducted on these shorebirds (Glassom & Branch 1997).  
With the comparison of flamingo pit foraging structures and their controls, it emerged that 
flamingo foraging effects in macrofaunal assemblages were very subtle. In terms of univariate 
measures, macrofaunal abundance was not greatly affected. The same result applied spatially 
across sites. In addition, the interaction between treatment and site did affect differences in 
macrofaunal abundance even though these were subtle. Macrofaunal eveness along with 
macrofaunal diversity yielded the same result, despite the latter also being weak. These findings 
further indicate subtle effects of flamingo predation on the macrofaunal community level.   
Although these effects were weak, flamingo predation did exert a top-down control on 
macrofaunal abundance, as prey were reduced by 43% and 67% in sites C and D respectively. This 
is interesting, as a review conducted by Peterson (1979) revealed that excluding large predators 
will effectively increase the macrofaunal density by two to three fold within an intertidal area. 
However, there are reasons which could possibly explain why this was not the case in the present 
study. Firstly, Peterson (1979) carried out a global experimental study where he excluded many 
large epibenthic predators. The current study only observed a single shorebird predator. In 
addition, there were also discrepancies between the methods utilized in the two studies. Peterson 
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(1979) conducted a caging experiment, where he physically manipulated the feeding areas for the 
predators to prey on. The same procedure was not carried out for the present study as it was a field 
observation, noting where flamingos were feeding naturally, whereby samples were taken 
accordingly.  
It was hypothesized that flamingo predation would result in a net decline of macrofaunal 
abundance and richness in pit foraging structures relative to their controls. Furthermore, the degree 
of decline was not hypothesized to magnify spatially between sites. However, results obtained only 
partially supported the stated hypotheses, as the negative effects did not consistently take place 
across treatments and sites. Negative flamingo effects were only observed for macrofaunal 
abundance, species evenness as well as diversity, of which all were site specific.  Both species 
evenness and diversity were negatively affected in foraged sediment at site B. Macrofaunal 
abundance, as mentioned previously, were strongly reduced only in sites C and D.  Remarkably, 
positive flamingo feeding effects were observed at site D for species evenness and diversity. 
Macrofaunal abundance on the other hand, increased by 39% and 36% (sites A and B) in pit 
foraging structures relative to controls. These findings contradict the Namibian study, where 
Glassom & Branch (1997) concluded that P. ruber primarily exerted negative effects on 
macrofaunal assemblages.  
The difference between the findings could be due to different time-scales for each of the studies 
conducted. Glassom and Branch (1997) measured macrofaunal responses to flamingo predation 
over a single year, whereas the current study recorded the same responses over four days. In 
addition, the Namibian study conducted exclusion experiments due to large Greater Flamingo 
densities residing in Walvis Bay (±12000) and Sandwich Harbour (> 500). In contrast, only 10-20 
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flamingos were observed in the present study. These small, short-lived disturbances possibly 
explain why flamingo pit foraging can generate positive effects on macrofaunal assemblages.  
Only 19 macrofaunal species were observed in samples, from which only five occurred regularly 
between the treatments. However, none showed significant differences in abundance between pits 
and controls. Only the unidentified polychaete B was observed to be significantly affected, but this 
was site specific. This once again reveals the subtle effects of flamingo predation on the benthic 
macrofauna. It is known that a number of physical factors influence macrofaunal community 
measures. Sediment particle size is one of many environmental factors. A study conducted by 
McLachlan (1996) revealed that large coarse sands lowers macrofaunal abundance. Sediment 
characteristics at the mouth of Heuningnes Estuary, on the eastern bank, revealed medium sized 
coarse particles (Bickerton 1984). Furthermore, since these flamingos were feeding only in the 
intertidal region, Virnstein (1977) suggested that predation impacts on macrofauna are greater in 
subtidal rather than intertidal regions, due to the difference in magnitude of macrofaunal densities. 
Therefore, based on the particle size and tidal height, it is possible that P. ruber were 
predominately feeding off a small pool of macrofauna within the area sampled. This could explain 
the subtle effects of flamingo predation observed in the present study.  
A peculiar observation was made prior to sampling. It was observed that only pit foraging 
structures were evident within the sampling area. Channel foraging structures were rare. Past 
studies have shown that creating pits, through stirring up sediments, is an energetically demanding 
activity (Pennycuick & Bartholomew 1973). The optimal foraging theory states: animals employ 
a suitable foraging technique, whereby energy invested to search and pursue prey is offset by the 
energy gained through prey capture (MacArthur & Pianka 1966). By considering this theory, pit 
foraging does not make sense from an energetics point of view, since there is a low macrofaunal 
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abundance to feed on. This is based on the particle size and tidal height as mentioned previously 
(Virnstein 1977; Bickerton 1984). However, it has been noted in studies that as food resources 
become scarce, predators respond to these environmental limits by expanding their choice of prey 
(Pyke et al. 1977). This theory is supported in the present study, as there was no significant 
difference in species richness between pits and controls, indicating that flamingos were not 
targeting a specific prey group.  
Generally, the main selection of prey items for Greater Flamingos is determined by specific mesh 
sizes. The distance between the bill lamellae serves as the mesh measurement. Favourable prey 
sizes are retained in the mesh to be consumed, whereas sizes that are too small or large are rejected 
and returned to the sediment (Jenkin 1957). Studies have shown that P. ruber are bottom feeders 
(Brown 1959) and feed mainly on polychaetes, copepods, chironomids, insect larvae and even 
organic matter imbedded in muddy sediments (Brown et al. 2005). The present study supported 
some of the prey items that were found in flamingo pit foraging structures. However, the main 
contributor to the macrofaunal abundance at each designated site, was the unidentified polychaete 
B. As mentioned previously, positive effects of pit foraging were observed in sites A and B. 
Regardless of the duration and density of the predatory disturbance, pit foraging can generate 
positive effects due to the mechanism employed. This responsible mechanism involves sediment-
reworking in the form of an upward conveyor belt bioturbation (Francois et al. 1997). By 
mobilizing the sediment through their footwork, nutrients are known to increase upon their release 
into the water column (Comin et al. 1997). This subtle effect from pit foraging may possibly 
explain the increase in other species abundance in pits relative to non-foraged sediment. With 
regard to polychaetes, studies have shown that this taxon is generally found in the upper 5-10cm 
sediment layer above the undisturbed mud sediments. Therefore, it is possible that as flamingos 
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stamp-feed in a circular pattern, they are able to stir up polychaetes from the deep sediments and 
place them to the upper surface layers (Bilstein et al. 1991). This may imply that at sites A and B 
flamingos were feeding vigorously, leading to greater densities of polychaete B being upwelled 
from deeper sediments. In contrast, a less intense pit foraging activity may have been conducted 
at sites C and D. It was observed that polychaete B displayed consistently greater densities, in 
comparison to the rest of the macrofaunal species identified across treatments and sites. This 
reveals that the unidentified specimen is generally abundant in the sampling area and may not 
necessarily be preyed upon, yet remains affected by the degree of intensity employed in pit-
foraging.  
Cramp et al. (1997) have observed that many flamingos tend to feed in small concentrated areas 
over a long time period. Ornithologists have found flamingos have olfactory bulbs (Bang & Cobb 
1968) and may possess pressure sensors in their bill (Jenkin 1957). By utilizing these sophisticated 
sensory organs, flamingos, like other predators, can reduce energy investment in search of prey. 
This may support why flamingos foraged in a small area in the present study, due to the strong 
detection of catchable prey beneath the sediments. However, whether these flamingos are 
obtaining their nutritional requirements is questionable, as studies have shown that during the non-
breeding seasons juvenile flamingos feed less than their adult counterparts (Espino-Barros & 
Baldassarre 1989). In addition, non-breeding flamingos have a greater feeding activity at night 
compared to the day (Britton et al. 1986). Therefore, this may have influenced the day time 




Overall, P. ruber densities and spatial predation impacts at Heuningnes Estuary are minimal and 
site specific. Flamingo pit-foraging has shown positive and negative disturbance effects, which in 
turn may influence spatial-temporal heterogeneity in intertidal sandflats. However, the study has 
provided insight and a step forward for future research on a charismatic shorebird predator, of 
which little attention has been paid toward its ecological role in marine systems (Glassom & 
Branch 1997). 
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